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DETAILED DESCRIPTION 

1. Subject of Invention 

Fiber-drawing method of optical fiber 

2. Scope of the Patent Claim 

(1) A fiber (Iine)-drawihg method of optical fiber having the folio wing characteristics: 
During the optical fiber fiber-drawing by heat-melting the optical fiber preform, when 
the delivering (feeding) speed of the aforementioned optical fiber preform is changed 
from the No. 1 delivering speed to the No. 2 delivering speed to change the fiber- 
drawing speed of the aforementioned optical fiber from the No. 1 fiber-drawing speed 
to the No. 2 fiber-drawing speed, the heating temperature of the aforementioned 
optical fiber preform is changed to maintain the outside diameter of the 
aforementioned optical fiber (being fiber-drawn) to a constant (value). 

(2) In the fiber-drawing method of optical fiber described in Item (1), Scope of the Patent 
Claim, characteristically, the flow amount (rate) of the inert gas supplied into the space 
between the optical fiber preform and the hater for heating this optical fiber preform is 
changed to control the heating temperature of the aforementioned optical fiber 
preform. 

3 . Detailed Explanation of the Invention 
[Industrial Application Fields] 

The present invention is related to a fiber-drawing method of optical fiber in that 
the fiber diameter is maintained at constant and the fiber-drawing speed can be rapidly 
changed according to the need. 
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[Conventional Technology] 

In a typical conventional optical fiber fiber-drawing equipment as shown by the 
outline construction in Fig 5, the optical fiber preform 2 is delivered into the fiber-drawing 
furnace 3 by the preform delivery equipment 1 at constant speed; it is heat-softened by the 
heating heater 4 and fiber-drawn; the optical fiber drawn is wound by the winding 
equipment 10. During this, the outside diameter of the optical fiber 5 is measured on-line 
immediately after the fiber-drawing by the fiber outside diameter measurement instrument 
6; and generally, the measured information is fed back to the winding equipment 10 to 
perform control of the fiber-drawing speed by the fiber diameter control equipment 1 1 so 
that the outside diameter of the optical fiber 5 would become constant. The fiber-drawn 
optical fiber 5 is applied with a coating resin by the primary coating equipment 7 
immediately after the fiber-drawing; and in the hardening furnace 8, this coating is 
hardened to form the optical fiber base line 9. 

In this kind of fiber drawing process, since the fluctuations of the fiber-drawing 
condition and resin coating condition of the optical fiber 5 would affect the quality of the 
product greatly, it is necessary to suppress the fluctuations as much as possible. In recent 
years, the optical fiber 5 per one unit of optical fiber preform 2 is made longer to reduce 
the work on the mounting of the optical fiber 2 or to suppress the lowering in the 
operation efficiency of the equipment caused by the change-over and/or in the yield of the 
optical fiber. 

In the case when the delivering (feeding) speed of the optical fiber preform 2 is 
changed by some reason during the fiber-drawing using this optical fiber fiber-drawing 
equipment, the relation ship between the delivering (feeding) speed of the optical fiber 
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preform 2 and the fiber-drawing speed of the Optical fiber 5 would be as shown in Fig 6 : t2 
is the time from the completion of the time required of leading of the optical fiber ti to the 
time entering stable fiber-drawing; U is the time from the manufacturing completion time 
of the product where the stable fiber-drawing is being performed (t 3 ) to the time when the 
change to other fiber-drawing speed in response to the change of the delivering speed of 
the optical fiber preform 2 is completed. The times of these t 2 and U are the transition 
times for the optical fiber 5 fiber-drawing speed to reach the other fiber-drawing speed in 
response to the change of the delivering speed of the optical preform 2. The fibers 
manufactured during these periods are not stable in dimensional precision to induce 
lowering in the yield. 

[The Problematic Point to be Solved by the Invention] 

In the conventional optical fiber line-drawing equipment shown in Fig 5, between 
the delivering speed (V p ) of the optical fiber preform 2 and the fiber-drawing speed (Vf) of 
the optical fiber 5, during the stationary state when stable fiber-drawing is being carried 
out, there is the relationship shown below: 

d p 2 xVp = df 2 xVf 

Where, d p is the outside diameter of the optical fiber preform 2; df is the outside 
diameter of the optical fiber 5; V p is delivering speed of the optical fiber preform 2; Vf is 
the fiber (line)-drawing speed of the optical fiber 5. Normally, the delivery speed (V p ) of 
the optical fiber preform 2 is set to a corresponding smaller value of the fiber-drawing 
speed (V f ) of the optical fiber 5 (generally about 20 meter per minute). Further, the fiber- 
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drawing speed of optical fiber 5 is becoming higher by the enhancement in the fiber- 
drawing technology in recent years; more than 200 meter per minute has become possible. 

In the conventional optical fiber fiber-drawing equipment, the fiber-drawing speed 
is controlled to make that the outside diameter of the optical fiber constant. When the 
delivery speed of the optical fiber preform 2, V p , is raised in step shape from V pi to or 
lowered from V P 2 to V P ] as shown in Fig 7 (misprint of Fig 6), the fiber-drawing speed of 
the optical fiber, Vf, would change form the lower speed Vn to the higher speed or 
form the higher speed Vc to the lower speed Vn. During this, the fiber-drawing speed of 
the optical fiber 5, cannot immediately follow the change of the delivering speed of the 
optical fiber preform 2, Vp,; it would be accompanied by the transition periods of time 
delays of t 2 and t 4 . The length of the transition period is related to the heating condition 
and/or the outside diameter of the optical fiber preform, dp, and the outside diameter of the 
optical fiber, df. 

In the optical fiber fiber-drawing equipment shown in Fig 5, when the outside 
diameter of the optical fiber preform 2 is set to be dp = 24 mm and the outside diameter of 
the optical fiber 5 is set to be df = 125 um and the delivering speed of the optical fiber 
preform 2 (V p ) was raised step-wise from V p i = 0. 54 mm/min to V P 2 = 2.17 mm/min, the 
response appearance of the fiber-drawing speed Vf is shown in Fig 7. Conversely, when 
the delivering speed of the optical fiber preform 2, V p , was lowered step-wise from V P 2 = 
2. 17 mm/min to V p i = 0. 54 mm/min, the response appearance of the fiber-drawing speed 
Vf is shown in Fig 8. According to these, the response time of the of the fiber-drawing 
speed Vf during the raising requires about 7 minutes; and the response time of the of the 
fiber-drawing speed Vf during the lowering requires about 10 minutes. The optical fiber 5 
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fiber-drawn during the response period could not be guaranteed for the product precision; 
thus it cannot be shipped and would become waste fiber: the amount of these waste fibers 
would amount to about 340 m and about 390 m, respectively. 

Accompanying the increase in the required amount of optical fiber, for reducing its 
cost, the optical fiber manufacturing fiber-drawing speed is becoming faster; however 
accompanying this, the percentage of the waste optical fiber would increase; thus the 
lowing in the yield has become an important problem. 

. The present invention is undertaken in view of the shortcoming in the conventional 
technology. The objective is to provide a fiber-drawing method of optical fiber in that 
while the outside diameter of the optical fiber is maintained at constant, the fiber-drawing 
speed can be rapidly changed; by this, the quantity of the waste fiber can be greatly 
reduced. 

[The Means Used to Solve the Problematic Point] 

The fiber drawing method of optical fiber of the present invention is as follows: 
During the optical fiber fiber-drawing by heat-melting the optical fiber preform, when the 
delivery speed of the aforementioned optical fiber preform is changed from the No. 1 
delivery speed to the No. 2 delivery speed to change the fiber drawing speed of the 
aforementioned optical fiber from the No. 1 fiber-drawing speed to the No. 2 fiber- 
drawing speed, the heating temperature of the aforementioned optical fiber preform is 
changed to maintain the outside diameter of the aforementioned optical fiber (being fiber- 
drawn) to a constant. 
[Function] 
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In the fiber drawing method of optical fiber of the present invention, it is set up 
that when the delivering speed of the optical fiber preform is changed, the heating rate of 
the optical fiber preform is simultaneously changed. Namely, when the delivering speed of 
the optical fiber preform is increased to raise the fiber-drawing speed of the optical fiber 
Vf, the heating temperature of the optical fiber preform is raised; conversely, when the 
delivering speed of the optical fiber preform V p is decreased, the heating temperature of 
the optical fiber preform is lowered. 

The principle of the fiber-drawing method of optical fiber based on the present 
invention is as shown in Fig 1 : When the optical fiber preform 2 is heated by the heater 4 
and being fiber-drawn under stationary state and the neck-down portion of the optical 
fiber preform 2 is at the position b, if the relative position of the optical fiber preform 2 
against the heater 4 is moved to position c, the time of exposing the optical fiber preform 
2 to the heater 4 would become longer. As a result, the melted amount of the optical fiber 
preform 2 would increase to make the line (fiber) diameter of the optical fiber 5 fatter; 
therefore, the fiber (line) control equipment 1 1 (cf . Fig 5) would function to make the 
fiber (line) drawing speed faster. Namely, the fiber-drawing speed of the optical fiber 
would change to a fiber-drawing speed higher than the stationary state. Conversely, if the 
relative position of the optical fiber preform 2 is forced to move from the b state to the a 
position, the heat amount to be received from the heater 4 would decrease. If the optical 
fiber is fiber-drawn at the constant fiber-drawing speed, the fiber diameter would decrease; 
thus the fiber diameter control equipment 1 1 function to lower the fiber-drawing speed to 
maintain the fiber diameter constant. Namely, the fiber-drawing speed of the optical fiber 
would change to a fiber-drawing speed lower than the stationary state. In any case of the 
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above described, if the relative position change from the b state is larger, the fiber-drawing 
speed can be changed larger accordingly. However, even if the positional change amount 
is large, if there is no change in the heating amount and the delivering speed of the optical 
fiber preform 2, it would take time to return to the stationary state. 

And, the relative position of the neck-down portion of the optical fiber preform 2 
is dependent on the heating temperature by the heater 4. Because of this, if the 
temperature of the heater 4 is raised, the neck-down portion would move to position a; 
and if the temperature of the heater 4 is lowered, the neck-down portion would move to 
position b. This is because the optical fiber preform 2 would form the neck-down in the 
certain heating temperature range by the heater 4. 

Namely, by changing the heating temperature of the optical fiber preform 2 by the 
heating heater 4, the position of the neck-down portion of the stationary state shown in 
Fig 1 is changed from b to a or c to forcibly produce the transition state; by this, it 
becomes possible to rapidly change the fiber-drawing speed. In this case, by adjusting the 
supplying electric power to the heater 4, the heating temperature of the optical fiber 
preform 2 can be changed. However, generally, the heater 4 is covered by an insulating 
material to become larger in heat capacity, and in the case where a furnace tube is 
arranged between the heater 4 and the optical fiber preform 2, the change of the heating 
temperature of the optical fiber preform 2 against the temperature of the heater 4 
accompanying the change in supplying electric power would become even more gradual. 
Further, an inert gas for oxidation prevention is being delivered between the optical fiber 
preform 2 and the heater 4. Thus by changing this gas supply amount (flow rate), the 
heating temperature of the optical fiber preform 2 can be delicately adjusted. 
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[Implementation Example] 

The relationship between the optical fiber preform delivering speed, the electric 
power to the heater, the inert gas flow rate (amount), the optical fiber preform heating 
temperature, and the optical fiber fiber-drawing temperature based on an implementation 
example of the present invention is shown in Fig 2. And as shown in the aforementioned 
Fig 1, the delivering speed of the optical fiber preform 2 (V pl ) at the time ti* was changed 
step-wise and the supplying electric power of the heater 4 of the fiber-drawing furnace 3 
(cf. Fig 5) was changed from Pi to P2 in step-wise. By this, the heating temperature of the 
optical fiber preform 2 was raised gradually from Ti to T 2 , and simultaneously, the fiber- 
drawing speed Vf of the optical fiber 5 was increased. By this, the fiber-drawing speed Vf 
can be rapidly changed from the stationary state fiber-drawing speed of the low speed Vn 
to the stationary state fiber-drawing speed of the high speed Vn at the time t 2 ' via the 
transition period. Next, at the time t 3 \ the delivering speed V p of the optical fiber preform 
2 is lowered step-wise from V p2 to V p i and simultaneously, the gas delivery amount Q of 
the inert gas is gradually increased from Qi to Q2 to raise the cooling effect of the optical 
fiber preform 2. By this, the heating temperature of the optical fiber preform 2 is rapidly 
lowered from T 2 to T 3 ; by this, the fiber-drawing speed Vf of the optical fiber 5 can be 
rapidly reduced from Vg to Vn. 

Furthermore, in the present implementation example, during the raising of the 
delivering speed V p of the optical fiber preform, simultaneously, as means for raising the 
heating temperature of the optical fiber preform 2, the supplying electric power of the 
heater 4 was changed step-wise from Pi to P 2 . However, instead of the above, the heating 
temperature of the optical fiber preform can also be raised by adjusting the gas delivery 
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amount Q of the inert gas. Of course, these means can be employed in conjunction. 
Similarly, in the lowering of the delivering speed V p of the optical fiber preform, the 
supplying electric power of the heater 4 or the gas delivery amount Q of the inert gas can 
be changed to lower the heating temperature of the optical fiber preform; these means can 
also be employed in conjunction. 
Experimental Example 1 

In the optical fiber fiber-drawing equipment shown in Fig 5, the optical fiber 
preform 2 of outside diameter 24 mm was supplied to the fiber-drawing furnace 3 to carry 
out the fiber drawing of the optical fiber of outside diameter 125 um while the fiber 
diameter was being controlled. During this, the delivering speed of the optical fiber 
preform 2 was raised step-wise from 0.54 mm per minute to 2.17 mm, and simultaneously, 
the flow rate of the nitrogen gas flowing inside the fiber-drawing furnace 3 was reduced 
from 10.5 liter per minute to 10.2 liter in one minute to raise the heating temperature of 
the optical fiber preform from 2210 degree C to 2240 degree C In this case, the 
transition period to reach the stationary fiber (line) drawing state of 80 meter per minute 
from the 20 meter per minute of fiber-drawing speed of the optical fiber 5 required 2 
minutes. Compared to the case shown in Fig 7 where the heating temperature was not 
changed, the transition time was shortened to about V*. The experimental results here are 
shown in Fig 3: the waste fiber amount was only ca. 70 meter during the transition period. 
Therefore, by the raising of the heating temperature based on the reduction of the inert gas 
amount surrounding the optical fiber preform 2, the amount of the waste fiber was greatly 
reduced compared to the conventional example where no heating temperature change is 
performed. 
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Experimental Example 2 

In the optical fiber fiber-drawing equipment shown in Fig 5, the optical fiber 
preform 2 of outside diameter 24 mm was supplied to the fiber-drawing furnace 3 to carry 
out the fiber drawing of the optical fiber of outside diameter 125 urn while the fiber 
diameter was being controlled. During this, the delivering speed of the optical fiber 
preform 2 was changed step-wise from 2.17 mm per minute to 0.54 mm, and 
simultaneously, the electric power supply was lowered from 12.5 K watt-hr to 12.2 K 
watt-hr step-wise to lower the heating temperature of the optical fiber preform from 2150 
degree C to 2100 degree C. In this case, the transition period was rapidly lowered to the 
stationary fiber (line) drawing state of 20 meter per minute from the 80 meter per minute 
of fiber-drawing speed of the optical fiber 5, and the transition time required was 
approximately 4 minutes. As shown in Fig 5 (misprint of Fig 4), compared to 
conventional case where the heating temperature was not changed, the fiber-drawing 
speed here could be rapidly lowered. Because of this, the waste fiber amount generated 
during the transition period was greatly reduced. 
[Effect of the Invention] 

According to the fiber-drawing method of optical fiber of the present invention, 
when the delivering speed of the optical fiber preform is changed from the stationary state 
(where an optical fiber preform is being heat-melted and fiber-drawn while the outside 
diameter is being maintained to a specified size by an outside diameter control equipment) 
to change the fiber-drawing speed to other value, by also changing the heating 
temperature of the optical fiber preform, the fiber-drawing speed can be changed rapidly 
to the corresponding intended fiber-drawing speed. Therefore, the waste fiber amount 
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during the changing time of the fiber-drawing speed would become extremely small; thus a 
manufacturing of optical fiber with good yield can be achieved. 
4. Brief Explanation of Figures 

Fig 1 is an operation outline diagram showing the principle of the fiber-drawing 
method of optical fiber based on the present invention. Fig 2 is a graph showing the 
control state of the control factors of an implementation example of the fiber-drawing 
method of optical fiber based on the present invention. Fig 3 and Fig 4 are graphs 
showing the changes of the optical fiber fiber-drawing speed in an experimental example 
of the present invention. Fig 5 is an outline diagram of the optical fiber fiber-drawing 
equipment which became the objective of the present invention. Fig 6 is a graph showing 
the relation ship between the delivering (feeding) speed of the optical fiber preform and 
the fiber-drawing speed of the optical fiber. Fig 7 and Fig 8 are graphs showing an 
experimental example of the changes of the conventional optical fiber fiber-drawing speed. 

In the figures, 1 is the optical fiber preform delivering (feeding) equipment; 2 is an 
optical fiber preform; 3 is a fiber (line)-drawing furnace; 4 is a heater; 5 is an optical 
fiber; 1 1 is a fiber (line) diameter controlling equipment. 
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